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“"Tough luck," Jim commiserated beside bim. "This means we've got
budget for just ore more try."

"Let's go to my office, get some coffee, and call Howie. It just
cculd be that he'll be able to find something that can help vs."

The two men left the testing lab. The tright moraning sun and the
warm browns and yellows of Paul's office soothed frayed nerves a little,

"Howie, Paul here. That last alloy we tried almost made it, I'm
sure 1f we could get just a little more beryllium intc it, it would far
excezd what we need for the instrument. What are the chances you can lo-
cate some more infcrmation or someone who's had experience with this sort
of thing?"

“I'11 recheck the information files, Paul. Could be there's some-
thing in the pipeline. Also, I'il scnd out an S.0.S. to some of my collea-
gues in other lab info centers. We'll try to let you know by the afternoon."

Howard Blumberg shoved his chair to the tvpewriter console beside
his desk. He was one of the lab's information troubieshooters. A metallur-
gist by training and experience, he had been attracted to the Bonhomme In-
stitute because of its working environment and the <eliber of its staff.
He became impressed with a feature of its operations, a number of informa-
tion services that provided useful backup to its engiieers, researchers,
and managers in the various specialty areas of its departments, He'd never
thought of an information service as a vital part of a team before, He'd
come o appreciate the information people at B.I., though. Sure, some of
them were types he'd ercountered before. Like Mrs. Winkle, trim but
motherly, a stereotype uf the librarian. And Cizire and Louise, who cata-
loged and did some reference and charge-sut work, though with the automa-
tic system, people didn't have ty handle a lot of mundane clerical chores
any longer. Even before one get to Harry and Marge, though, oune noticed
a difference. Harry and Marge were information specialists., They read a
lot, wrote abstracts that were circulated to people selectively according
to their interests. But they did a lot more. They worked with several re-
search groups, sat in on their seminars and briefings, and did a lot of leg
work by telephone and typewriter console to locate information that could
be useful to the research groups, Sometimes they'd also make surveys,
The instituted was complimented more than once on these, because the surveys
anticipated “hot" areas and saved people time, outside the Institute as weli
4% .o Institute labs, when they were ready to turn to these areas. Harry
sune Marge were a raw breed, all right, bucr so were Mrs. Winkle and Claire
and .oufse, One got the feeling that they knew what you were talkiag ab. .:
and why you needed what you asked for. They couid even unscramble garbled
recoilections of ».ohs and papers and people, and it wa a matter of pro




fessional pride to them to do all this Members of a team -- they sure
were! Howard had gravitated to information work when the Institute re-
ceived a contract for the quick study and development of an eaoteric ma-
terial that he had personally been keeping a file on., Amszing thet this
should have payed off on what he had often chuckled to himself and called
& burrowing idiosyncrary.

Within half an hour, Howard knew that no useful new infermation
had been received at the Institute's information centers that related to
Paul's problem. He had also sent mesc-ges to two other centers, in Calif-
orn.a and Maryland, to recheck their files. A message went to a focal
point in England, and one would be waiting fer his friende in Japaun whan
the time came round to opening that morning.

Howard stared out the window. ''Dr, Lindstrom,” he mused, thinking
of the white-haired emeritus professor he'd met one evening during a "bull™
session at the ASM meeting last year. Lindstrom had talked about several
alloys he'd experimented with almost a lifetime ago iu Europe. Hadn't he
said he'd begun to look intc these again here? A long-distance call to
Texas,

"Paul, Howie here. A Dr. Lindstrom from Texas will be calling
you. Sounds like he may have some information you can uce."

"Thanks, buddv. The call's coming in right now on another line.
Call you back later."

"Howie, Paul., That contact you made for me with Lindstrom might
be it. He says he's gotten the properties you want, but only in the lab-
oratory. We think we c2n put it on a production basis with a few pro-
cessing changes. We're going to have a conference call this afternoon
with Lindstrom, Some of our production men and lab men, Can you get in
on 1t? There may be a few odds and ends we'll still need data for,"

During the conference call, several processing bugs were discussed.
Other groups at the Institute had alveady encountered several »f them in
connection with the development of other materials, as disciosed from a
check of the information systems. The soclution of one fabricacipn prob-
lem was noted in the reply received from England. The Califoruis certe1
said it had had a request for similar information from a client severai
months ago. [f the Institute got any information, would it send it on?

"Well, Lindy, that little trick of yours works. Guess this wraps
it up." Weary, but beaming, the two men walked from the lab, leaving a
few others from engineering and development to backslap cach other and
carry the work to its final stages of incorporation into a precision in-
strument .




Qo - T s O “ufn - ~vread we bhave arrive-d at this

Cled Coaaven oty soa e owne T owas rrying to develop this particu-
'a: mazeriz), Ar a lectuce many vears 230, a surgeon described the pro-
PETLLEs wui a 2aterla. he wanted to have that I thought could be satis-
fred by this alloy. No you suppose we could ncwi talk to some people
whs might krow vhether this application is stilll needed? And could we
cail this the “: .2 alloy for the surgeon?” ! i

Howie wa:s cilled, and another search began, this time emphasizing

surgical appiicaticns that once were no more than a vision in the mind of
a man who thought t» express it in a medical school lecture. How could
ne have known that a physicist attended that Recture that day who would
find his way o the Ponhbmme Institute 1n the jUnited States and that this
Institute woull locate Dr. Falber at tha Marb‘rg Clinic, and, and, and..
1 i

Fact or fictiim? .The account above is fiction, but can one say
it is not -2flected by fact? There are few detailed records on how ideas
are horn, Iheuged, exdellished, di:zeminaced, and on héw substance is
aided o ther . rnev ' become manifest in a theory of a product. One
of tic best rernrds on the paths traversed by ideas from inception to
frui-ion s tn2 Eﬁ”( wrizter by John Jewkes and co-workers entitled The
Sources of Invention (1), Jewkes realistically appraises the contexts in
which industrial innovations have been achieved., The text also provides
case histories for 51 major inventions. One cannot fin”, however, even
from correspc:dence and histories, the full measure of happenings that
either permizted an idea to be explored or to be abandoned (2).

o (,

The most fictitious aspect of the above account may be that per-
taining to the information network and services structure that is des-
cribed. Many information centers do exist in the United States and
abroad (3). Information analysis and service Operations, such as those
attributed to the Bonhomme Institute, also exist. But coordination among
these centers and services and an extensive program éf interactive coop-
eration do not exist. Vocabularies differ. Internal methods of process-
ing differ. Policies for external interaction diffe;. Existing facili-
ties are plagued to varicus degrees by budget restrictions, staff limi-
tations, scceotance by both management and clients, and uncertainty as

Jehn Jewkes, David Sawers, and Richard Stillerman. The Sources of In-
vention. London: MacMillian & Co., L:ud., 1958,

2. See severs. accounts summarized in Rouerna W, Swanson., Information, An

Expioitac.c Commodity. Arlipngten, Va.: Air Force Office of Scientific
Research, ipcil 1968. AFOSR 68-0652; ~D-677,197. Pages 4-12,

vescriprive irrormation for a large numheriof information systems in
the Unicted zitates is contained in the putlication Nonconventional Sci-
entific and Jecnnical information Systciis in Current Use. Washington,
C.C.: Naticiar vrience Foundation, Dec. [J€5, NSF 66-24. Available

Ty

from the U.S. Jovi. Printing Ot‘ice, $1.75.
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and Technology, 1966,
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Information i¢ not like the weather, It is man-made and, increas-
ing.y, man has beeu 20iny more thaa merely talking abcut the problems it
makes for him. Books and periodicals have beer. the usual vehicles for
racording information. Libraries have been the usual means for storing
Cleow Jéleidl acfuzding o come order sc that thev could be retrieved.

As long as the number of records on aay given topic was small;
as long as the growch rate was low, tractaole, and relatively constant;
as long as the numbe- of people interested in tnhe topic was small; as long
az communication among them could be accomplished by correspondence and
long time delays wereictolerable, libraries were adequate tc serve informa-
cion needs, True, it{would have been helpful to geneticists if Mendel's
paper, buried in an obscurze journai, could nave tzen more widely publi-
cized, Historians of science have ivaced simiiar instances, These are the
isolated, dramacic examples of the ilnacequacies of libr.iies as storage
and dissemination mechanisms. But are they so isolated? Might the growth
of sclentific progress, industrial development, and Western civilization
#1d expansion have been greater and its pattern eve& different with bhetter
wethods of packaging and disseminating 1nformation?J

The two World Wars of this century catapulted; most of the major
combatants into the present era of scientific exploration and technologi-
cal development. Part of doing science has always been the publication
o” results, Though systems for storing and retrieving these results may
rot yet be generally accepted by the scientific community, or by anyone
~lse, as part of doing science, the exponential growth of publication has
forced the development of methods for storage and rétrievql.

The largely unorganized, undirected proliferation of storage and re-
trieval activities during the past twenty years is, itself, a phenomenon
«f{ the present era, The United States has undertaken to apply some measure
»f sclentific inquiry to the national-scale implications of this phenomenon
through the Committee cn Scientific and Technical Information (COSATI),
established in 1962 by the Federal Council for Science and Technology.
COSATI, in turn, formed a number of panels and task groups to study various
information storage-and-retrieval problem areas (see Figure 1),

The COSATI Task Group on Nactional System(s) for Scientific and Tech-
nical Information, chartered in 1964, has sponsored several studies of fac-
tors relevant to information system structures. One of these, conducted by
science Communicacio:, Inc. (SCI). Weshingtor, . C. (howjMclean, Va.), is
entitled Study of Scientific ezrd Technical Dazgﬁéccivi&ie‘ in the United
Scates, issued ir 2pril 1968. In three volumes, this Yeport both surveys a
wide variety of scientific aud technical data ac:ivities in industry, the

professions, and ¢ crment, and presents, with mvch background discussion,
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a plan for further study and implementation ol national data system con-
cepts (4).

The comprehensiveness of Volume II (bound in two reports) of the
5CIL study obviates the need to describe, here, various national and spe-
cial information centers and systems, how they interact, and how they
attempt to serve various communities of users (5), Rather, an attempt is
made here to distill some of the essence: of what the SCI investigators
learned from the designers, operators, and users of the systems that bears
on the questions: What do we do with what we've got? Where do we go from
here? '

At an over-ali level, StCI has found that "exls*{wg organizaticnal
structures and human competencxeq are over- -extended: in terms of their
abilities to effectively accommodate evolving data management and data
handling needs. 1In addition,‘alleviation of thig situation does not appear
{immi{nent, for only now are the tndxxlduals and ofganizatloqs affected be-
ginning to recognize the gravity of the situation. To date, attempts to
improve data management and data handling operations have been rendered
largely ineffectual due to crisis-type actions and piecemeal approaches
to broad prehlems. Significant improvements cannot be expected until
needs are better defined, organizational responsibilities are identified
and accepted, znd increased funds are made available to support the effort
required to alleviat" exicting problems' (6),

Prevalent problem areas include those pertaining to personnel, fin-
ances, equipment, administration, input data, and coordination. The need

-for both systems- and subject-oriented personnel appears one of the most

crucial, People are needed who combine talents of both types. Adequate

training programs, both stop-gap and long range, have yet to be developed,
High costs of equipment, computer services, and space for housing computer
facilities are compounded by current budget squeezes. Opinions differ on

4, Study of Scilentific and Techuical Daté Activities in the United States.
Volume I - Pian For Study ard Impleme?tation of National Data System
Concepts. Volume TI, Part~ A and B -{Preliminary Census of Scientific
and Techaical Data Activities., Volume YI, Part C;- Prelimlnary Census
of Scientific and Technical Data Activities. Final Report, AKPA Order
No. 892, Contract r44020-67-0-0022, April 1968 AFOSR 68-1403, parts
1, 2, and 3; AD-670,606, AD-670,607, AI 670,608, respectively.

5. Many other papers and reports slso contain descriptions of centers and
systems, Some of these are -ited in the "Selected Reading List" in
Vol. T of the SCI report. References 2 and 3 above are also sources for
descriptions. Systems being developed by libraries are summarized by
the author in Move The Ihformation ... A Kind of Missionary Spirit,
Arlington, Va,: Air Forck Office of Sciéntific Research, June 1967.
AFOSR 67-1247; AD-657,79%.

6. Reference 4, Vol, TI, Farts A and B, p. 1364,




futvre sources of funds, some =2uggesting the federal government, others
state governments or service users. The unreliability of computer equip-
ment for continuous on-line operations has necessitated backup systems
and discouraged some experimentation. Few simple interpretive programs
and languages exist that can be easily learned by users, thereby also
slowing experimentation and direct interaction by non-programmer users
and systems personnel. Few program and hardware configurations exist
that enable a remote user, at his discretion, to work with files in a
batch or computing mode or in conversational interactior. Many users
need the capability of being able to work with a large varlety of analog
data and of being able to obtain transformations from analog to digital
form. Many administrators who control budgets are not well informed on
the value of svstems and cost and personnel reaq ‘remente  Hauy uwsers ace
critical of the quality of the data in the systems. Lack of coordination
of systems, sometimes even within a given institution, has produced dupli-
tation of effort, gaps in coverage, confusion to users, and skepticism
that the morass can bde resolved,

Approximately 100 issucs were identified by SCI and are individu-
aily examined in the following tive categories: (a) data management and
handiing system requirements, {b) data packaging, (c) data handling equip-
ment, (d) personnel capabilities, aud (e) institutional roles. For each
grov, ing, panels of experts, totaling 300, provided their assessments.
Ciscussions in the SCI study summarize these viewpoints. The comments in
their entirety indicate, to 5C[, ''the complexity and limited level of
inowledge which currently exists concerning requirements for data manage-
ment on a national scale, and tae data handling systems which would be
rasponsive to these requirements' (7).

Though the import of the SCI study its that inadequate knowledge of
user requirements and the reluctance of organizations and indiv:dual: to
enter cooperative arrangements to alleviate common informetion problems
ate major deterrents, operational fnformation systems and networks &re
~ractical poss_bilities. The study predicts: "Radical changes {n Cata
handling systems probably will not occur guickly simply because system
designers do not know preciseiy the data service needs of scientists and
technologists. In addition, even when service requirements are well de-
Yined, the systerm designer does not vetr know how to ettectively match data
handling equipments and methods to data service reguirements. Quite like-
lv new data haadling systems will be {ntroduced in an evolutionary fashion
with the computer first used as an aild for structur;ng, storing and for-
matting data for distribution tn conventional forms Knowledge gainea
trom such experience w{ll (hen be applied to implementation of more highiy
automated systems inclnding query processing capabilities. Similarly
computer techniques which are already widely used 1n design and other data
ranipulation operations at the work station of the scientist or technolo-
n1st will continue to be refired and expanded in application. t, there-

v

Reference 4, Vol. 1, p [IV-1.
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fore, does not appear unreasonable to anticipate a future merger of data
handling systems to serve all of the scientist's or technologist's data
handling needs, both archival and day-to-day manipulation. At least
this possibility provides a future frame of reference which possibly can
guide data handling system development efforts" (8).

The SCI study proposes a 4-phase plan for implementation over a
six-year period (see Figure 2). The plan 1s consonant with COSATI's recog-
nition that there be no disruption of existing information operations and
that account be taken of the widely differing capabilities of existing sys-
tems and realities of funding, long-established practices, rapid changes
in information technology, and differing needs of the various segments of
the user communities. Moreover, the Government can only encourage, not
direct, private activities, to join in:a national undertaking. The plan
{s called a '"preliminary blueprint" fot establishing a National Scientific
and Technical Data Program. ‘

Under the plan, SCI envisions a‘one-year Phase I for organization
that would include the formation of a Scientific Data Program Office in
the National Science Foundation, a Technical Data Program Office in the
Department of Commerce, a Data Systems Technical Information Center to
support the program, and a National Advisory Council for Scientific and
Technical Data whose panels would provide fnput fer the program plan.

A two-year Phase II is specified for critically reviewing the requirements
for data management and data handling systems at local and national levels,
and for conductine “development and prototype tests to determine the ade-
quacy of equipment and methods for meeting management and handling re-
quirements. A three-year Phase II1 contemplates the development and test-
ing of methods and facilities for serving the data handling needs of spe-
cific communities. It anticipates that several systems will be under de-
velopment concurrently and will differ substantially as to structure and
function, some being centralized and others decentralized dependent on

the noeds of the community to be served. Standardization efforts are ex-
pected during this period so that the various systems can be compatible.
Though this development phase is expec*ed to be evolutionary for specific
scientific and technical communities, increasing integration within fed-
eral agencies is foreseen for general-purpose data collection. The oper-
ational Phase IV should increasingly involve non-government organizatiouns
that are expected to voluntarily participate in the program,

Whether or not SCI's plan is adopted in whole}yr in part, the fac-
tual portion of {ts survey should be highly beneficial to all individuals
and groups concerned with any aspect of information Jystem design, opera-
tion, or use. This author concurs with SCI's conclusions, considers

them factual, and believes that SCI's recommendations are realistic.

(See the Appendix to this paper which lists the major conclusions and
recommendations contained in the 3CI report.)

8. Reference 4, Vol, I, p. IV-4,



Teformation has beco callvg 3 nartiorgl and irterationsl recource
by a U.S. Senate {oapmittee (4 ore vddare . U0 1o g commedity that is ex-
pensive to private aprd public gronn: 1 produyce . Tt has become an expen-
sive commodity to psikage for nse.  TU has mevry drffecert rovms anda ig
needed in @any aifferent wavs by rat, ¢r1'erent peaple, 4.1 now «l:c, by
many ditterent machine-hased -~verems,  Sen-d metheds ¢f hardling intorna-

" .

tion for the various aseonle snd purpeces [t oueht to cerve are urgent and
critical for the effective functiomice of eilitary, scierncific, industrial,
and social organizatiops.  ‘he all-oer s e cature of the comnodity and
the need and the lira-term dvirclt speidinye requized tor iotegrated pro-
gram development make tin F-dival covermment the tooat par-t for the na-
tional effort amd vmpose pro~- o0 o0 the govercoent ty e-tanlien and put

a hrosd-sipe plan inte oporation, TTose s e ¢ U3 -vae veT~LOn

of the SUT projecr e vl sepie 0 Me aynnlemented tnil o the weot few

vear<, ltimatc vetuars snotor e e ctae o v depe; f = i-

vestments ot p=oaple  time . Ao e e, -7 ey cta ity L neratt v 3moNg

all the participants, thapr gk o0 (e ceve ] pine

informatian Sysgem e teorh-

Portiovaie v, ea Lot o nr o sl oty Dane Aaronmoiated maen vaaughle
evperience trat shoagls beo oo b o it tesoale prrer3m piansers, (e
of the mo-st nroadiec s foe oroche e T o by ro0 o ot Trvnae of
Stardard ke ter ara el ' R arve Sreiare, veviewed
Heve too tneir Tosen s o pargor by v i,

R L T I O B A N Pt Lt Aty e wargy, Exec-
ut fe e iee o rhe Pros ot e e - - vab oo a0 wrzsu o 1 ool:ndards
NESY Mo prs U coart o glerer o a0 ucie s e o seet ogrdioa-
tioe and divecid v 30 o s sate a0 ca ettt ] Zate re-Tam2 yudllv stan-
Adards | od Lpse o me tet e s o Lo e ta o ot e sy tem oat the
| ST Y S A b : et o, ey e oy s -
Somedapd bedete e ot b 0 s b e vy o sz tgygs . The
B T L Y I S LR AT SRV oo e e e i e Na
Lyoriong ta by ke i P o

e v Do L R . S o RS o g~ ti»np.
[ B S SO A A DR . . o A [P I I RO AT GRTR
I mar Tor e b s IR S
9 umgnee A R YA ' o AL ozt R et o the

Tomm Tt e o e e e S NS e e wade gt
RYVEAVARRUTHIR N S . I R BT oyt o o e R A B
Sl NP ey . P L 1 Setate fool, Ny, 369,

PO, b e vvw v b ey e e i repat by basar o L0 Fuady, od,
Stoatu Repert o Nat R e e R E A L ) _ﬁ_\.'s_l_f‘_n}’__z\_i‘/_r_l_l___l‘-)«’zé_.
Washeag tan, s Tat gt gt raec a0 N tards ) e (et ;

Tload Yot o \ o o . ' RIS tos




PD At D Atane s, Gae okl Cas mondtoring responsibility but not
SLTOCL CPOTAL g 1 ftwist L i1ty for wata centers witain the NSRDS. Many
Gald reap (ATion Pl weiv alaTled prior Lo 1963 by federal agencies
ANG R iVEle ETONpS (u @Merl Larlous dlsssot 02jectives, they continue to
Corcive g and dicectton rrom these sponsors, Other projects are
coeliv o pemsaven Pty e OSRD 0 phe «otk neing perfcrmed in university or
Py lateraiories . ttif oLner projects are joint ventures with NBS
SoLTrmynley Fiostan 0 which corduct thelr own research and data compila-

Coovdrpatrw s acvompli<hed through a variety of conferences and
L CrEe spate e At pont tation escharges,  Intermittently, OSRD con-
CeTeomeriings or datt predsct operators.  Panels of specialists called
oA iaoey s anaintoe (ovault on deta problems. OSRD maintains con-
with <ot ot tioal groups s toe Uotwmitiee on Data for Science
ed e hentope T aia) of the vretat.oonal Council of Scientific Unioms
vt cemnocprante ¢upordinat 10w organizations {n other countries,
Propnabiiahies 2 omoa g, mews Letoer, NUHDS ws, that is botn a section in

Liates iniormation on reports and compilations pro-
wsrters 30d prejeces,  In cooperation with the journal,
el heeraren s it comducted a national survey on data needs to in-
{

Care it ane a- o ~ervice to member projeccs., 1t has helped establish
cpevat pemal sy iteria tor prejects with respect to comprehensiveness of

Poreratare re owe o ariiwsay @ celuation procedures, and continuity re-
rowvente T s o@riog jrs Adisory (ommittee, it has clariried a

1

B0 e st G ey e vhe perins Cetandard reference data'" and U'ref-

i Cernd g ceagch oep Y teree protesciorals is currently
TN O L O E 1A e nieparat ton of geneirai-purpose computer
U ase e e i and retrievad ) for file manipulation, and for

R Devoosatio~o elizivg, ard printing, The group is
Crure e e o teeade 40¢L € to a wonpuater-based file that may
AT A TN AV R Toersbs et Comeivte 2l Cermters.  ite pian 1s to orgean-
. NIET et ier e aepiics bty to cuemistiy and physics instruction.

et o ey arae - clled BRPA ) was written for text preparatiocn
e e A0 e yrtrase T making it opevable on a variety
Somache v D e e n s oy Lhe FUPAL series have been in use at NES
e Cresrame inLt o enuert cXosuig deta rapes for automatic
oy b L prading e scral WEWRDS publicationas,  Current programs

coaTre e ap vat racs bt have gemorsirated suitability of the appro-
At data Tabe s G comples Stroucture,  the oronp is gaining useful
ConULEe O o g v e par data processing applications and on needed
cordware cont gt ter s L can, thereby, assist member projects with

MO Ol ot ton prob Leds

Prgare 3 0enicn s he aarevrelationsiips among one conawunircy of
Speoval antormetyan conte s dn the MERDL, nagmely those that handle nuclear
darta, s Dashea daves an tne fagare irdicate advisory voles or cooperative




ooy  [usAec}— — — — — 1

(&) :
T @a]  [oRoY) or] [T |

———he A A |

L

i
0

— R - S (&) - -
l

-

L —{CROSS €. SHIELD

i ]
LRL RSIC, | [ACC) [we5t] [NDG) [tres)
; Recg! DTIE
: ) | : ;
i | I N
| | == K D
| | |
R U __4___ x

UNITED STATES |
|

[OECD] - = )
EUROPE - | r r
— —{ENEA}- — | I —ULAEAS
mY |
_ | ~ — —{nDu]
I |
|
CCON NCCH — — — — — - :
!
bl o e e I
e e )

Figure 3. Nuclear Data Compilation and Evaluation Systems Community

Reference 10.

- 12 -




activities, Notewortny is the degree of international collaboration
through both formal agreements and informal arrangements. The Ispra
Code Center (NCL), the Argonne Code Centar (ACC), arnd the Radiation
Shielding Informetiown Cunter (RS1C), for example, have been exchanging
computer programs for several vears. CINDA, an annotated bibliography
of neutren cross-section information, is publiished by the Oak Ridge Di-
vision of Technical Information Extension (DTIE) from input provid:zd by,
among others, the Neutron Data Compilation Center (NDCC) in France, the
Nuclear Data Unit of the International Atomic Energy Agency (IAEA) in
Vienna, and the U,S.S5.,R, Nuclear Data Information Center. A high degree
of information exchange exists in this community among data generators
and users and information system persommnel, Though the performance of
this community is, no deubt, based on its being one of the oldest (25
years), best integrated, best sponsored, and technologically most ad-
vanced netwerks, its existence reinforces projections for the successful
realization of other ccmpler networks,

Information Flow

Too frequently overlooked in discussions of information systems is
the most important element of all, the man in the system. Even in sys-
tems where computers '"talk" to computers, a man at some point triggered
the "conversation" for an uitimately man-desired purpose., The man in the
system is more than a statistic, either as a member of the system staff or
as a producer or user of information. Awareness of the need to understand
how man cognitively processes information as well as his characteristics
as a communicator and his motivations as a producer and generator is only
gradually entering the information systems context, though these have long
been subjects of investigation of behavioral and social scientists.

A beginning on studies of the man in the system is evident in lit-
¢rature on information flow and transfer, user needs, and evaluations of
systems, The author has reviewed some of this work elsewhere (11). Not-
able among recent investigations is the comprehensive Evaluation of the
Medlars Demand Search Service conducted by F, W, Lancaster (12), Findings
can be releted to the performance of a large variety of types of people
who directly or indirectly influence an information system. For example,
lack of consistency and the omission of terms by human indexers suggest to
lancaster tools to assist them and possible modifications in methods of

11, Information flow studies are conslidered in Reference 2, user needs in
Reference 5,

12, F. W, Lancaster, Fvaluation of the Medlars Demand Search Service.
Bethesda, Md.: National Library of Medicine, Jan, 1968. See also:
Madeline M. Henderson. Evaluation of Information Systems: A Selected
Bibliography with Informative Abstracts. Washington, D,C.: National
Bureau of Standards, Dec, 1967, NBS Technical Note 297, Available
from U.S, Govt, Printing Office, $1.00,
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vocabulary development, .omprehension failures were observed at the user-
informaticn service perzonnel interface, The best request statements

that clearly reflected user needs were those written by the user in his
own, natural language, narrative terms, not those that were paraphrased
and recorded by system personnel or translated by them or by the users
into their concepts of the system vocabulary. On the other hand, educa-
tion of the user seems necessary to condition him to be precise in stat-
ing his neea with, preferably, his toierances and some background on what
Fis need is for. A summarv, however, cannot do justice to Lancaster's de-
talled account and analysis,

The literature on people a2s infurmation transfer agents or "brokers"
mediating between information systems and users will probably be enriched
soon by publications sponsored by the Office of State Technical Services
(0STS), U.S. Department of Commerce, The OSTS is charged, under the State
Technical Services Act of 1965, with the administvation of a national
State and interstate technical services program that promotes the appli-
cation of research results in business, commerce, and industry., OSTS pro-
jects are coping with problems people encounter in trying to discover user
needs anda match zvailable knowledge with individuals who need it. One
hopes that some OSTS contractors are considering the behavioral aspects of
the information flow and transfer process,

Several charts in the Science Communication survey provide self-
explanatory illustrations of the information-rich environments people work
in (see Figures 4, 5, 6, and 7). ‘ihese bear evidence that "'keeping up
with the literature" [s an impossible euphemism. Experiments involving
eve and car inputs and vocal or pointing outputs give values for human
information processing rates of 6 to 45 bits/sec., even though the ear and
the eye, respectively, have channel capacities of 8,000-10,000 bits/sec.
and 5,000,000 bits/sec, (13). Tt has been suggested that "a theory of
memory that is based on mechanisms that store events is not only uneconom-
ical bordering cn the impossibie, but also is incapable of explaining the
most primitive types orf behavior in living organisms that show one or an-
other form of reteation' (14). A reasonable postulate is that humans
accomplish informatior proces-ing through powertul method- of classifica-
tion and abstraction., Ao upper bound ot 1047 bits/g/sec. has been compu-
ted for the tranimission capability of watter. Ssccausce of this limit,
Rozs Ashby negates hypothieses that man's braiu abstracts through sequen-
tial operatioos that use primary sense data as the initial input (15).

He also cautions that this limit imposes restriztiors on rcalizable net-

13, James L. t lanagan, Speech Analysis, Synthesis and Perception. Berlin:
Springer-Vverlag, 1965,

X}

14, Heinz von Focrster. "Computation in Neural Nets, Currents in Modern

Biology, vol. I (1967 47-93, at 91-92,

15, W. Ross Ashby. "™athematical Models and Computer Analvsis of the Func-
tion ot the Central Neryous Systoml ' Anaeal Review of thsiolosy’ vol,

JB LIYes) BY- 100,




SYSTEM DATA
REQUIREMENTS
‘ 1

] }
OPERATIONAL SUPPORT
SYSTEMS SYSTEMS e
DATA GENERAL SOUNGES PusLISHED On unsuaLenea | DATA

Qo0 O0ONODOODOO
T TR
SRELIABILITY oTIC e RELIABILITY
e QUAL!ITY ASSURANCE ¢ COLLEAGUES o QUALITY ASSURANCE l
o TEST o LIBRARIES o TEST
¢ CONTROL e CATALOGS @ CONTROL
® TRAINING ¢ JOURNALS o TRAINING
¢ DESIGN DEVELOPMENT oHANDBOOKS o DESIGN DEVELOPMENT
O SPECIFICATIONS @ MANUFACTURE SOQURCES @ SPECIFICATIONS
© HARDWARE ¢ PERIODICALS * 4ARDWARE
¢ OPERATIONAL ¢ ABSTRACY SERVICES O MAINTAINABILITY
REQUIREMENTS ¢OPERATIONS ANALYSIS

; A y
'OPERATIONS SUPPORT
'EVALUATION EVALUATIONS »=—d

_A_? h
4

_DATA DATA

@SYSTEMS DATA
_o SFUNCTIONAL

. ePHYSICAL ]
e FOR PRODUCTION p=———e PROTOTYPED MODEL

e ey

Figure 5. Information Flow Environment in Technology and Development
Communities

Reference &4,

- 16 -




O LIBRARIES !
O FACILITY DATA BANKS

© SCHEDULES ® STINFO CENTERS
0cOST ® PUBLISHERS
@ LOGISTICS
DEVELOPMENT ,——.t PROCUREMENT ——" 1esT 8 QUALITY o
DATA INPUTS SO | ASSURANCE |
L et e
| 1
ANLH |7 enteRiM REPORTS ——t
OCONTRGL DRAWINGS |
®SPECIFICATIONS ||
| @ANALYS!S ]
[
| FABRICATE
PUB_ISHED DATA FINAL REPORT3 ASSEMBLE
® SYMPOS'A DATA PACKAGES L
s
€ HANDEDOKS ORAWINGS PART OF | SYSTEMS TEST
® JOURNALS TRAINING MANUALS | DELIVERABLE | <
@ £{ RIODICALS DIRECTIVES | PACKAGE TO N\ 4
® Dy OSITORIES INSTRUCTION | OPERATING D 1
|~ AN AL | eNT ' DELIVERABLE SYSTEM
] : I ELEMENTS | B DATA PACKAGE |
NFUSMATION CENTERS | TECHNOLOGY
DATA CENTERS OPERATIONS
LIBRARE S MANUALS
| PARTS CATALOGS |

ouTPUT

Fivure 6, Infermation Flow Enviroament in Production Communities

Reference &,




GOVT SPECS INDUSTRY
8 STANDARDS *1 SPECS 3 STN ' "
/' N
s INDEPENDENT
UNIVERSITIES L LABORATORIES *
- L
| — . ]
VATA PUBLISHERD o SUBCONTRACTORS g4
"t {SPECIALIZED) (SUPPLERS) 5
“ TRADE PUBLILATONS
-{ ol . coweonent & HENDSOOXS, © " 1
( Al
| TecHnicaL MANUFACTURER |, N-HOUSE -
| SOCIETIES " " (FILES) J
M i Al
TRADE 8 STANDARDS ©IN-HOUSE
~*] ASSOCIATIONS | DOCUMENTATIONS
|t I
- . ——_——————-_——ﬁ ‘
GOVERNMENTAL > GOVERNMENT
RECULATORY BODIES|,_ - '!LDOCJMENYAHON !
3 CUSTOMER : T :
‘ (USERS) — T T
FOREIGN USERS i — _;J"—'}‘ DATA DEPGS. TORY
i G e
Figure 7. Intormation Flow Favironment in KOS D Cominoiri i s Gerling to rrad (g )

Feterence 4.,




works of mechanical ‘Grfaiits. He exemplilies tne seriousness of exponen-
tial growtn with an 1ilustraticn in whlci a gitterence of 10 from 1010 o
1 search operations 1s the difference between a computation requiring
J million years and one performable in a morning.

These inroads toward an understanding of physical, physiological,
and behavioral potentials and limitations are li:tle more than surface
scratches, More studies are needed that are potn systematic and directly
relatec to the goals of coping with man's information environments and of
adapting svstems to men and men to systems. Pencil-and-paper, 'demonstra-
tion,"” and "feasibility' studies should no longer be ends in themselves,
but steps to applications tor operating systems. It 1s not sufficient
that inve-tigations be made solely of existing conditions, as many of the
information flow studies have done. These sncuid be recognized by iaves-
tigators and spensors alike as only provicing pase lines against which
tests of realistic duration and scope must be made of the effects of modi-
fications and changes, The SCL survey, for example, discloses that vol-
ume needs vary with categories of data and witn types ot data processing
(see Figures 8 and 9). How might quantification of these loadings sim-
plify the data processing requirements of some systems Might this stra-
tification be usetul 1n desiening efficient Jdata compression schemes?
What flexibilities can be bullt into operatiiy systems like Medlars that
could permit the study of small or appreciac.e cadrges in vocabulary
structure, computer programs, and duties of systems personnel’ What ma-
thematical modeling is being done to avoid large-number pitfalls in com-
plex information processing’

A major distinction between intormation svstems and conventional
libraries is, or should bo, the dvoamic nature both of its services and
its structure Wiiereas libraries are passive reposttories, information
systems are supposed to be active intertaces betweett producers and con-
sumers (producers, of vourse, also boing corsumers, and vice versa).

Flow and evaluation ~tadies have shown thai systems have not been
decorded the siser dooepltance they expected IO o val ey 31oredasons,

mainy of Whaioh can be tracesd to characteri~ties ot buman behavior.,  Where-
as lTibrary operations can temain largeiv the oxcd sive provinee ot libra-
rians, no such anpgeeness adhores to antormation svst-m o operations,  The
the ontity e farmation
systems networ K, rogulre thal these be voamnol meci ing Kroutds 1ot the

vttty intormation svstes | oand ) oevon o mere so,
Mo v o difterent tvpes ol people who o are o inteyral oparts ot the producer--
System (notworead--osct poop. Oply throngh lnterscuion can these be n-
tormation system opeta s L Time has Peell feeded Lo mdaRke pnlergepen-
dencie~ obvivas, Sovoae the time to share knowledao ) pool talents, and
cagdye 10 oannovat e thonsing i fesormation - te be what it is intended
to he == a toed dn the sorfvive of mansing,
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[PIURRSTRPERLS SE

AVPENDIX ‘]
MAJO® CONGCLUSIONS AnD RECCOMMENDATIONS
Contsained In

STUDY OF SCIENTIFIC ANC TECHNICAL DATA ACTIVITIES IN THE UNITED 3TATES
Science Commwnication, Inc., Washingten, D. C. (now, MelLean, Virginia)
Final Report, Contract Fulb620.67-C.0022; 30 April 19683 AFOSR 68-1403,
pt. 13 AD 670,606,

A. SCIENTIFIC AND TECHNICAL DATA - PERSPECTIVES Ail PCLICY IMFLICATIONS

I. CONCLUSION: The utility of cur national scientific and technical data
resource can be substantially incressed by improved management.

RLCOMMEMVATION: The Executive 0ffice of the President should issue a
policy statsment establishing the objectives of a nstionsl program to
improve the msnagement of scientific and technical data activitlies within
government, the orofessions, and industry.

4. CUNCLUSIUN: No effentive mesns currently exists fo~ coordinating and
integrating the data management snd dats hsndling activities of the eov-.
ernmental, professional, and industrial sectors of science and technology.

RECLMMENSATION: A National Advisory Council for scientific snd Tech-
nical Data should be sstablished.

5. CUNCLUSTUN: Selentific and technical dsts and data activities are
exceadlingly complex: national dsts programs and system development efforts
must be capsble of sffectively recognizing and accommodating this complexity.

KeCUMMELNUAT TuN: Nationsl dsta programs snd relatad policies must be
implemenf.ed with due consideration of the diverse types of dats activities
which are conducted as an integral and vital part of science and technology.

4, CuMCLuSIUN: The full utility of scientific and technicel data is not
currently reslized under existing dsts menagemert and dsta hendling policies.

RECUMMINUAT [un: Esch scientific or technical community, including
mission-orlented agencies, should reappraise its current procedurss for
maneging and handling scientific and technical 4dsta, aspecially in regsrd
to their asdequacy for conservation of the data as a costly and votentislly
reussble resource.

5. CuCLUSIUNG There is insdequste knewledge concerning tha neture {quan-
tity, quality, location, ownership, usefulness, etc.) of existing scien-
tific and technical dats to permit opiimum design of natic..al dats manage.
ment programs or dats hendling systems.

RLCUMMENJATION: P} National Index of Sclentific and Technical Data
should be uevelopad, 3Such an index is essentiasl if deta management is to
be planned on a systematic basis. Alsc, such an index would be immediately
useful to scientists and technolowists who currently expend as much as b
of their working hours searchiny for data raiui-e! to perform thair job,




v, CLVCLUSION: Federal policy relative to scientific and technical dats
management mist recognize and facilitate maximum use of the existing
scientific and technical date resource.

RECOMMEMAT IUN: The Federsl Govarnment should establish s policy to
sncourage the accessibility of scientific and technical data to s&s many
votential users as possible.

7. CUNCLUSIUN: As dats handling becomes incressingly sutomated, the need
for standardization of da%as handling methods will become increasingly
imoortant to the National Sclentific and Technical Data Frogram.

RECUMMENUATIUn: The Federal Government should teke action to assure
development and application of stendardized methods of handling basic
scientific date, esvacially those automated methods troadly aprlicable
to data systems in more than one field of research.

5. CONCLLSIUN: The diverse connotations sssigned by different communities,
organizstions, and individuals to scientific and technical data, deta
artifacts, and deta management and handling efforts constitute severe
barriers te systematic planning and evaluation.

RECOMMENVATIUN: The Committee on Scientific and Technical Informstion
(COSATI) should promulgate 2 set of definitions which delineste an inter-
nally conzistent sat of terms covering scientific and technical dsta acti-
vities,

¥, CLNCLUDIUNS Just as science is internations., scientific and technical
data sctivity is often interrsticnal in scope.

RLCOMMLI/ATIUN: Cffices in the Federal Government designated as res-
ponsible for reprasenting U.3. intersats in the area of internatienal data
activities shoula be strencihened not only to permit them to better repre-
sent U.5, interssts, but also to enshle them to establish better communi.
cations and working relationships with sn-going sctivities in the U.S.

B. CURRENT T3SUES AND PROBLEMS . wATURE AND POSSIBLE RESOLUTIONS

Iy CLNCLUSIUN: The inadequacy of classifical methods for structuring and
commnicating scientific and technicsl data in current working contexts
hss created unnecessary zpprshension.

RECCMMLMATICN: The currently svolving expressions of need for large-
scale scientific and technical data handling systems should be viewed as
a response to opportunity, not an act of desperaticn to avoid inundation
by the flood of data,

o LLULLSIUN: Current resesrch and develovment sdministration, especially
within Fedarslly swonsored nroerams, frequently gives preferentiasl consid.
erstion to research and development to gzenerate scientific and technicali

dats over activities dirascted to assembly, evaluation, and apolication of
existing data.

NECCMMENVATTON: Each Faderal research and development program should
he required to sllocate a minimum percentage of its budget to husbandry

snd conservation of the scientific or technical datas generated by the program.

23




3. CUNCLuSIUN: Although eszentlally the same problem: arse cbservad in
date handling activitiss in the different flelds of science snd techno-
logy, no mechanism now exists for the coordination of efforts towari
sclution of these problems.,

KECUMMEAVAT IUN: The Federgl Gavernment should estatlizh an informa<
tion center tc serve as 2 dopository and dissemination sgency for infor.
mation Jesalinry with design, develooment, oparation and manszament of
sclentific and technical dats systams,

4, CONCLUSIUN: Current deta sarvice requirsments ars larzely undefined.

NLCCMMUNJATIUN: Existing data ssrvieas centers such as the watisnsl
Ocesnogrsphic Data Center and iatiomal Jpsce sSclences Data Center, and
new prototype dsts rescurce centers, should be used as tast beds to study
data service needs.

5. CCNCLUSIUN: Current scientific and technical handling practices do
not fully employ aveilable technolegies,

ReCimMLavAl 10N The Federal Governmant, vmfessionsl sceleties,
trade associations, commercial publishers, and other collectors and
disseminators of scisn''fic and technical data should explor> mesns of
applying modern technology for more affective sssembly and disseminstion
of sclentific and technical data.

o. CONCLUSIUN: The lag time betweer dats generation and dissemination
using traditional publications is frequently from twu to five years.

RECUMMEAVAT ICN: Programs should be developed to more directly couvle
oxperimentation, tests, etc.,, with deta systems.

7. CONCLUSION: Although the total investment appnlied to generstion of

dats concerning products and processes far exceeds that applied o gensra-
tion of basic sclientific data, inadequate effort is expended by the rederal
Government to organize this data for secondary uses.

RECCAMLNVATIUN: Current efforts, such as the LDepartment of Defanse
Engineering File, should be substantially accelerated, and other equip.
msnt development agencies without such systems should initiate study of
their feasibility,

C. SYSTEMS DEVELOPMENT - SEQUIEMENT, ANu IMFLEMELTATION CONCEPTS

Io CLNCLUSIUNG It cannot be expacted that existing groups will cooperate
in efforts to develop national systems where tha purpose is intangible
or Federal domination might restrict the levitimate freedoms of scienti-
fic zroups, commarcial firms, etc.

RLCCMMENVATION: A hational Sciantific and Technical Lata FProgram
must be planned and administered in a mannar which accommodates the in.
terests and capabilities of diverse grours ani oreanizations.




¢. CUNCLUSIUR: The irability to define a single system structure respon-
sive to all data mgnagement and dats handiing requirements doss not con.
stitute a valid justification for delayine considerstion of new or im-
vroved data systems,

KLCOMMENVATIUN: The present should be recosnized as s timely ooint
for initistion of nationsl systems planning and development efforts.

3. CUNCLUSIUN: Data management is in a state of transition which is being
d:riven largely by the intreduction of computer and other improved data
handiing mathods.

RECOUMMENJATIUN: In the near future, efforts at the national level
should be directed toward the developme:.t and test of systems or tools to
fecilitete better data management.

4. CONCLUSIUN: The most valid requirements for development of national
scale data handling systems exist for systems opersting within scientific
and technicsl communities rather than between communities,

RLCOMMENVATIUN: Nationsl data system development efforts should be
focused on individual communities.

5, CONCLUSTUN: Data hsndling systems are tools to facil..ate data manage-
ment,

KLCUMMENJAT [UN: The total dats management requirements of a community
to be served should be examined prior to implementation of data handling
systems aa part of the National "cientific and Technical Data Frogram.

0, CONCLUSTON: Nationsl scientific and technical data system development
efforts must consider not onlyv the scientific or technical field to be
seryad by the systam, but also the specific type or phase of sctivity to
be served,

KevumMEMAT [UnN: rederal suppert of nstionel scientific and technical
data programs and systems should be pro-rated according to the type of
dates activity served and the stave of the data program or system,

7. CONCLUSIUN: To be effective, lata service operations must be comple.
mentary to the normal work routines of the scientist or technologist.

RECesMtNVA L TUN: A part of the National '~~~ '*“‘~ and Technical Usta
Frogram should “e the develooment of intagrate . resource and service
centers,

. LLnCludion: Data systems comnlement other information systems: however,
it 1s short.sighted to view data systems as simle extensions of document
handling systems,

REULMMENJA T TU e Dats management and handling systems in their ultimate
form should be viewed 8s providins a cavability for a totally new level
of interaction betwean tha scingtint nr tachiolorist and the sccumul ated
data resourca,




D, SYSTEMS CAPABILITIES . AGSESSMENTS AND REMEDIAL ACTIOMNS

I, CONCLUSIUN: Current research and development directed specifically
to study of critical factors important to develop large-scale scientific
and technical data handling systems is totally inadequate.

RECUMMENVAT IUN: The Federal Government should budget at least one-
tenth of one percent of its totsl annual expenditure on research and de-

velopment for resesrch on techniques and proceduras for managing snd
handling scientific and technical data.

¢s COMCLUSIUN: Current personnel and institutional capabilities are not
adequate to support a crash progrsm to develop a national scope scienti.
fiz and technical data handling system.

RECUMMEMIATIUN: Information snd dats managers should be developed
from two sources - one is the current povulation of working scientists,
er.gineers, data processing specialists, etc.: the secoend is the current
and future population of students in colleges and universities.

3. CUNCLUSTUN: Although data switching networks and computers are fre-
guently mentioned in juxtaposition to one another, automated data service
networks, for all practical purpeses, do not currently exist within science
and technologzy.

KLCUMMENVATIUN: Appropriate oreanizations should test the effectiveness
of centrally supported, decentralized dats resource centers as an alter-
native systems concepnt to data switching networks.

4. UNCLUSIUN: There is an almest comrlete asbsence of criteria for the
evaluation of the economic verformance of current data handling efforts.

RLCLMMENVAT I(w: Cost.effectiveness should not be the principal cri.
terion to determine whether or not efforts should be initisted to explore
the feasibility of improved data handling systems.
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tion flow is considered with respect to nhysical, vhysiological, and behav-
iorsl potentials and limitations. The successful realization of complex
information networks is considered possitle.
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